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Small- and. large-plaque variants of a<Florida strain (Fe 3-7¢) of Venezuelan
cquine encephatomyelitis virus were studied'in vivo and’inwitro. The small-plaque
variant was lesssvirulent in mice, hamsters, dand guinea-pigs than the. large-plaque
variant. 'The variants could be hs:muushul by ulcnum phosphate chromatography.
The implications of plaque variants: wnhm a mixéd- virus population are- discussed.

———n

Venezuelan -equine Lnuphalomydms (VEL)

wvirds ¢ndemic (o thie United Staies was-first iso-

lated -by Chamberlain et al. in 1963 (4) from
Culex mosquitoes collected in the 'Florida Ever-
glades. The prototype-strain, Fe 3:7¢, has been
placed in antigenic subgroup 11 on the basis of
kincetic hemagglntination inhibition serology (21).
"This virus-has been siggested as a candidate for
development of a live vaccine (10)-as it.is con-

sidered to be avirulent for-horses and appears to

confer protection equivaient to- that clicited by
the TC-83 strain:of VEE (1).°We-have detected
two distinet -plaque types -in- the *Fe 3-7c virus
population propagated in duck enibryo cells
(DEC). This report deals with studies conducted
with large:plaque (LP) and small-plaque (5P)
variants .derived from. the parent Fe 3.7c virus
(PVy,

MATERIALS AND METHODS

Virus strain, The seed stock of” Florida virus (Fg
3-7¢3 was Kindly provided by R. Shope of the Yale
Arbov:rus Research Unit, Yale University, New
Haven, Conn, This virus strain, which contained
ntixed pluqm. types, was a 10¢; suckling mouse brain
pn.pamlmn which had -been passed- five tinies in
suckling mice via the. intracerebral (ic) route.
Virns assay. Plaque nssays were performed essen-

tially ais deseribed by Dutbecco and Vogt (6}, Serial.

10-fold dituttons of virlis were prepared in pliosphate-
Differed saline containiiig 1.07¢ normal rabbit scrum,
‘penmeatlin (160 units -ml), aed steeptomyein (50 pg-mly
(tPBS). Vitus tocula were added to monolayers of
duck (DECH or chicken embryo cclls (CEC) in flasks
and allowed to adsorb for 1 hr at 37 C. The cells
were overlud with racdiom 99 contammng  Larle
balanced salt sofution, 3.0¢, call serum, 1,0t tonagar,
pemetilin 100 umits - mb, and slnﬁﬁbm)cm 30 g mly,
After mcubation at 27 C for :I[ti’%i' the cells were overs
e
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lnid \\ilh 2.0 ml of neutral red (0.1 mg. ml) in"Hanks
“Baladietd-salt-Soliticn-to Tacilitate wading of phqm,s.
Virus titers are t.\prmul as plaqm. forming uniis
(PFU) per mb In vivo ulr'mons weére perfor de lw
inoculating suckling. mice ic with 0.03 ml of a virt s
dilution; Mice were observed daily for 10 days for signs
of illness or death. The median lethal dose was calcu-
lated by-the method of Reed and Mueiich (14),

Piague selection, Cell cultures with agar: overlay
wére prepared-as described above. After 48-hr, dis-
lu'.ct plague types were aspirated with a curved l'ﬂcu.ur
pipette. The cells within the plaque and the agar
immediantely above the plaqut, were dispersed in 1.0
i of PBS. Five plaques were selected at cach cloning
step, and each plague-was-titrated separatély-for the
presence of L or SP variants. The final pools of S
aund LP variants were prepared from the third conseeu.
tive subcelone of the .lppromiuu. variant.

Animals, Golden Syrian hamsters (85 10 95 @ were
obtained from the Lakeview Himster Cnlony New-
field, N.J. Hartley strain gainea pigs {260 to 300 g)
were obtained from the Wést Jersey lholol,lcal
Supply Furms, ‘Wenonah, NoJ. Swiss albino mice
(CD-1.strainy werc obtained from the Charles: River
Breeding Labs., Wilmington, Mass. Animals were
moculated intraperitoncally. fip) or subcutmicousty
(sci.

Chromatographic: techniqite, The brushite form of

calcium phosphite (CaHPOg 2H,0) was prepared-

frons 0.5 a1 CaCliand 0.5 N, HPO, s described by

Burness (3). The gel was_stored at 4C in Q.005 M.

phosphate buffer, pH 7.4, until used: Columns were
prepared by nouring 75 ml of the slurey into a 2.0
by 50.0 ¢pr glass column. Affer o JS-min settling
neriod the gel was washed with 0005 st phosphate
buffer untik the surfuce position was constant (rou
tnely 254mi packed volume). The colimn was checked
for channcling or skewing with a band of bromocresol
Jpurple, and the amount of cluate collected before the

finst drop of dye appeared- was orasidered the voud

volume A bml amount of -conceritrated virus «cit.
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10 PEU mb was men added to the gel, and a
lmear gradient of clutton buffer (L1 to 00 w-phos
phate butfer. pH 7.3 was apphed. The flow rate o
the column was 05 1o 1O mlomm, and 5.G.mi frac
tons-were colfecied. The miegtive vius titer of each
Traction was duumuml by~ nl..quc aAsvay.

Serologic fists, ||Llll.lgglll|llh\ll()n mhlbmon tests
were performed by the method of Clarke and Casals
+31 Neatratization testy were performed essentially
as dosersbed by Dolbecco et al 7 Gel diffysion
tosts were performed by the method of Quehtertony
13: wing 0.73¢, agarose butfered with sodum
Verona!, pH 86 10me strength 0 075

tmmune sern. Guinea pig upmune suum wis ob:
taned 20 days alter 1p wyecton of the Fe 37¢ Py,
or LD or SP vanant,

RESULITS.
Scleetion of' pl.lquc variants, “The seed lot of
Fe 3 7¢ contained 8.3 - 100 PEFU ml. Plaques
mul from 1.5:10 w() mm after 48 hr on DEC.
Appromm.ucly 407, of the population con-
sisted of SP wariants « < 2 mm),-Upon sequential
passage in. DEC, the SPpopulation increased to
42¢, by.the third passage, and the uter increased

to 40 - 10-PFU ml. Plague variants selected
from-this’ DEC subpassage were picked, and cach
wis carred, lh[t‘('gh three cloning steps.:Figure 1

liustraressthe ke 370 PV and cloned SP and’' LI

armnts.,

The SP varants ranged from §.4-t0 2.0 mm
after 8 hrand 19 .34 mm-after 72 hr.on DEC,
LP variantsswere not-detected in any passige of
the P sariant, The avefage virus yield was.ap
proximately 1« 108 PEU pliague selected The
SP pool utilized 1 tiss study was harvested from
CEC and ceptained 4 ¢ . 107 PEU-m1 ‘N5 LP

ariants were deteetra s the pook Individual
plaques produced i iy “the SP clone-did not. have
well-defined -marging <but were genetally very
clear-through st the claque ‘

The LP vangnls sange¢ from 4.0 10 3.2 mm
after 38:hy a3 3.1 109 ram after 72 hr on
DEC, The avers vir,s yield was-approsimately
I« 1 PR g ae selected. The L pool
utilized n.(his . tudy was harvested from CEC
and contained +1 = 16 PFU mi. LP virus
clones always  Litained 2 to 4, of the SP
variant, The i7¢ vidual plagues induced: by the

Tt b Plague npes of o 37 on eluchen embive cells 1GEC stamed with U ersstal veler i ethannl

Lhe parental viras PV was staoed after 3 I daree plagne (LI aod small plague (S variamis sere staonad

wlter 22 I of gronth m CLCT

T mihe
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LP clone fad very -clear centers with' slightly variant: Jied. Histopati-slogical éxamination
-more  opaque, lrrcgular .margins. Thcy were showed z.ssmudllvmrmal mouse brain:
visible by 18.hr postmoculauon and’ mcasun.d Sucleg fiiice were-uniforinly susceptible to,ic
at least l.mimin- dlamucr. The- plaqu(. size thcn injection . with cither the LP .or SP variants of
mcn.ast.d rapidly.to 14:mm'by the fifth-day. Fe 3.7c. Although this-test-host was approxn-
Adims}- studics. Table I shows the results ob- mah.ly 10fold more sensitive “than -the plague
tained when weanlmb mice, hamsters, and g g.umea assay of. infective viruses, no dll}'m.nccs woie
plgs were inoculateé with, thc PV, and §P and LP  observed, buw:.o.n the Icthahly of the LP and SP

-variants #f Fe 3-7c. Tde LP vamm was the most - variants, ~’

yiralent of the vireses studied- and showed a Calciuni i:!ﬂ\ahatc chromatography. The elu-

vnml»ncx. profile verir siilar to the PV. The- SP  tion-profile of F¢3 37 (PVY-is illystrated-in. Fig.
varian), was avirulent for- gngen plgS and ham- 2 Two distinct peaks were obtam‘d -and plaqugs
sters; howwnr, some -weasiling: mice were kl“Ld were- mdmdually scored’ as large (>2 mm, or
by.this variant. Immunizition with PV, LP, or SP small (<2 mm). The first peak, cluted in:the
conferred. protccuon to the Survivors;® howc.w.r region of low-ionic strength, contained predomi-

‘the, protu.uon was fiot absolute.

nantly-LP virus, whercas the second peak con-

1In a separate- experiment, adult mice were in.  tained predominantly 'SP virus. We subsequently
jected- intravenously. with. LP and SP variants,  chromatographed thc. variants separately, and the
Tie-LP variant*killed 7°0f.9 mi« 10 to 14 days results are. depicted in Fig. 3 and 4. The peak of
postinoculiation, Hlstopdthologlcm -exymination  LP variant infectivity was eluted from the column
-of:the :brains:from=dead- mice- -showed-severe; ‘by=0:19- M::phosphate-- buiffer. The .peak of. SP
acute, diffuse fionsuppurative meningo- anupha- variant infectivity was cluted by 0.30 M phos.
litis with, severe. neuronal and glla’ necrosis.  phate buffer. These results are tonsistent with the
Hlstop'uhologlcul examination of mice which prt.l'lmt.nlﬂl chromatography of ‘the mixed

were not killed by the LP variant showed chronic  parental population.

nonsuppur.um meningo-encephalitis-with mod- Serologic studies. Using guinea :pig sera we
erate multifocal clironic vasculitis of the brain. -performed. neutralization. tests with the Fe 3.7¢
In contrast, nonc of 9 mice injected’with the 8P PV and LP and SP variants, The results showed

TanLe 1. Responses of test animals to inoculation with Fe 3-7¢ VEE viruz and subsequent challenge with

vimlmn (l‘ rhmlml) VL’F virus

1
i
-
L}
!
i
|
i
%
f

¢

l ! Weanling mice Hamsters
Fe dote ! Views doser j e e R
’ f (CECTFU) 7% Survivors {77 Protected® | €7 Survivors ter I'mml«l
; } tnostatal) | ‘tno.ftotal) | “tho.dtotaly. [ “tno. Jtotal)
- N I TSP P LT T ,,5.,
‘Parental vieus 1 2 X 108 © 0 (0/8) 20 (1/5) ’ 100 (/1)
F2x 10t ¢ 0(0/8) 120 (1/5) 1160 (/1) |
8 )] 0. [0/8) ! 20 (1/8) {100 (/1)
C 2% W0 0-10/8) 1 40 2/5) | 100.4272) ¢
f 0 100 8/8) 1 0 ©/8) ; 100 (5/5) 0 ©/5)
Large-plague 2108 0 (0/5) 1 0 0/3)
variant' A X 10 0 (0/5) 0 (0/5) ‘
S (i} 0 (/55 | 120 (1 Y] 100 (/D)
CAX W o 0wsy t40 2,5) | 100.12/2)
. 0 100 5/8) - 0 ©/5) 1 100 (5/5) 0 0/5) {
| '
Sondl-pingue 2% W0 20 (1/5). 100 (/1) 1 100 (5/5) | B0 4/S) -
variant 2% 10, 60 /S ; 100 (3/3) ' 100 (5/5) 100 (8/5)
2% 10 60 t3/51 T 100 (/0 , 100 (5/5) | 80, (Y/5)
XA \é()’l"/.‘b) 400 (2/2) 7100 (5/5) , 80 d@/5)
) 100 (S/S) 0 (0/5) 100 (5/5) % 0 (/5 .

C uinea pigs

[ S

’; Survivors- "' Protected™?
{n oitotal) ? (no total)

100 (6/6) - 100. 5/5)
100 (6/6) | 80 (4/5)
109 (6/6) ' 80 (4/5)
100 (6/6) 1 100 (8/5)
100 (6/6) ; 05(0/5)
0 (/5
0 ©/5)
20 (1/5) - 100 (/1)
80 (4/5) . 50 (2/4)
100 (5/5) 0 (0/5)

100 (5/5) ° RO (4/5;
100.1d4/4) 100 (/4
100 15/5) 30 (4/5)
100 (5/5) 40 (2/5)
400 (§/55 0 (O/5)

* Weanhing nuce and guiniea pigs. were inoculated ip with 0.5 m} of the virus. Hamsters were inoculated
sc-with 0.5 ml of the virus, Sham-noculated animals were included us chn!lmgo confrols
& Chailenge dose was 12 SMICLD:. (median lethal dose to suckling mice via the mlmccuhral route)

gwu\ ul 21 days.
* One guinea pig from gach group was exsanguinoated before challenge.
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¥16. 2. Elwtion patiern of the parenial Fe 37¢ Fia 3, Elution -patiern of the lurge-plaque variant
vires  from  calcium  phosphate — chromatography. — jrone ¢ calelm phosphate colun.
Plaques -were individually scored as large (>2 mn
or \mall:(<2 s afier 48 Ir on duck embryo cells.
Lawe pluques (B); small plaques (&), Fo 3-7¢ (SP)

-that ‘the L and SP variants were readily neu-
tralized by sera directed ngmmt*lhc PV, LP;.or
SP virus. Gel diffusion tests d:.monstmtud lhm the
anfigenis were relited; however, we were unable
to -detect any di_ﬂ‘crcnccs tetween the plagque
variants by this technique.
DISCUSSION

‘Inzlight -of* the zoonotic in the United States
durmg. the summer of 1971, there is -renewed
interest in the disease potential of VEE virus, The
current vaceing used to-prevent infection with
VEE virus is the mu.nuaud TC.83 strain derived
from: the Trinidad strain of VEE virus isolated
from the bran of a dcni\(.y (19). ‘However,
certain objections concerning: the use of this
vitreeing have been based onvthe possibility of
reversion of TC-83.10 the virulent parental’form
of the virus (1,10}, In this ll[,hl it has been sug-

zested that a Floridi strain of VEE (Fe 3 Tc,
Lndcmlc i0 the United States) might be used in Y
place of TC.83 (101, o i, PR

Zurate and Scherer {22) found Florida strains 03 ol 3045 3073 4o 45 S0 %
of VEE virulent for hamsters; however, the FRACTION NUMBER'
incubation period was Jonger than that seen with Fic. 4, Elutlon pattern of the smafl-plague variant
Mexican YEE strains, In contrast, the TC-83  from g calcium phosphate column.

PFUIm)
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vaccine strain Kills only 15 to 204 of inoculated
hamsters (F. E. Cole, Jr.,\/n'rmlml canmunica-
tion), Horses immunized with Fe 3-7¢ developed
a transient viremia; but the n.pér'lc.d effects
appeated ‘o be ‘less severe than in horses ex-
parlrnnmlly incculated:with TC-83: (10).

Other inves ugalors have observed varistions
in-the plaque size of VEE (8, 9, 12), and Schafter
and Scherer (16) have recently reporied a range
of 1.4 to 6,9 mm in the plaque sizeof the Fe 471k
strain of Hond'l VEE. We found »- huo.ro;,:.nuty
ol:plaquie sizes in the Fe 3.7¢-VEE strain (10‘
stickling mouse l*mm), ang LN siibpassage in
cell culture the ratio-of SP#3L.1 increased. This
dkct shas been n.pomd Inr Wesin i cquine
encephalitis virus (I 1), ehiyvirsis 1205 and for;

-and<mouth disease-virus (7. The shift 1o smfall

plaque charactzr in cell culture §s felt to be assoti-
ated with an increased sensitivity ‘to- mhlbuors

-presentinsagar-(18).

Cloning the plague variants shoived that cach
had distinct: bloloycal and chemical characteris-
tics, ‘The LP variant was unif>rmly-virulent-for
weanling mice and was highly lethal for hamsters,
g,uinca pigs, and adult mice. In contrast, the-SP
variant was avirulent for hamsters,. guinea plgs,

-and adult mice and less virulent for.weanfing mice

than cither- PV of the' L variant, Animals which;

survived the initial inowiliation of Fe.3.7¢ vitases .

were generally protected from the lethal effects off
a wvicwlenit (Trinidad) strain of ‘VEE chailm
virus. We feel that the presence of LF yarianty g

the PV virus populauon (584() probably . .

Aributed to thé deaths. observed with ham ois
and weanling.mice. This does_not explir the
resistance of guinea plg.s to the Fe 3¢ PV3 h w-
ever, species  specilicity -might  permit the -§p-
variant to multiply prcllrv.ntmlly or interre-with
the LS"vnrm and mask the virulence of :the LP
V;ll‘lﬂm.

‘Chiomatographic experients reinfviced the
imdm;,s of biological difterences. brtween (hL
variants. These dilferénees may bM'\prcssui by
vhe-cfiarge-on the viral membrane “¢hich. would
arcount for the individual ¢lution pfohh,s of the
vatiants on- culuum -phosphate columns, Olhar
fmkug,.uors ; 16) have found that LP and SP
variants cun. bc distinguishied by brushite chro-
matogiaphy, and.in these systems the LP variant

was eluted at a lower jonie strmgh of buffer thar
'lhc bl’ varisnt,.as was the case in our study.

/o have I‘ound that the $Pvariant of Fe 3-7c
is rulmwcly avirulent and confers protection to
test hosts. Although our studies indicate that the
SP variant of Fe 2 Tc would offer no ndmntnw

over the TC-83 vaccine strain currenlly in-use,
the SP variant is less virulent in hamsters and
therefore might. deserve trial in horses- to learn

COMPARATIVE STUBIES OF VEE PLAQUE VARIANTS 783

whéther it might produce less overt illness than
TC-83, "In addition,. the-yse. of: cit'ser: the:PY or
the” ll’ vatiant of Fe 3¢ would: certat inly. du:
contraindicated bised on ouf. results, with animat
model systems. It may- -be that'thé-characteristics
applied to a mmd virus populatxon containihg
pl.:qm. vitriants are attributable to the peccentage
of LP or 8P withii:tat popttiution. Therefore, if
i given virus is to’ be consideredas a candlda te for
an attenuated- vaccine, 'the / lnolugnc and. genetic
charactérisives of plaquc variants within that
strain should<be investigated,
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